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Cell membrane fluctuations play crucial roles in membrane protein function
and cell signaling, yet the specific biophysical mechanisms that control these
fluctuations remain poorly understood. Solid-state 2H NMR is a powerful spec-
troscopic technique that has been used to quantify the free energy penalty of
bilayer deformation, as well as the effect of increased osmotic pressure on
bilayer properties including the surface area per lipid [1]. These experimental
quantities are essential to force-field development and validation for the pur-
pose of accurately modeling lipid bilayers at an atomistic or coarse-grained
level. Our hypothesis is that a reformulation of the model used for calculation
of segmental order parameters [2] will assist in examination and development
of more accurate lipid force fields. This increase in accuracy will in turn lead to
more realistic simulations that can provide invaluable insights about membrane
bilayer behavior unattainable using other techniques. We carried out a series of
concurrent solid-state 2H NMR and molecular dynamics (MD) studies on 1,2-
dimyristoyl-sn-glycero-3-phosphocholine (DMPC) bilayers, a classical lipid
model system, to examine the effect of applied surface tension (from 3 to 5
mJ m2) on membrane behavior. For both experiment and simulation, as sur-
face tension increased, the surface area per lipid decreased. Segmental order
parameters were in general agreement between the two techniques. However,
we found that MD simulations using the CHARMM c36 lipid force field
tend to underestimate the increase in surface area per lipid with increased sur-
face tension compared to 2H NMR-based results. Interestingly, the MD results
match well with previous NMR studies that pre-date the mean-torque model
used in our work, demonstrating the interplay between experiment and theory
necessary for accurate force field development. [1] K.J. Mallikarjunaiah (2011)
BJ 100, 98-107. [2] H.I. Petrache (2000) BJ 79, 3172-3192.
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The behavior of lipid membranes near solid surfaces has a great significance
both in medicine and in technology. In spite of the widespread use and study
of such membrane phenomena, their theoretical analysis is rather scarce. Our
main goal here is to understand the process during which membrane vesicles
first adhere to solid surfaces, then rupture (or go through a series of transient
ruptures) due to the mechanical tension induced by the adhesion (not only be-
tween the membrane and the surface, but also between two adjacent membrane
areas), and finally spread along the surface forming a supported lipid bilayer. In
our theoretical description we simultaneously consider the dynamics of sponta-
neous pore opening and closing; volume loss via leakage through the pores; and
the advancement of the adhesion fronts. All these processes are supposed to
follow an overdamped dynamics and are coupled to each other through mem-
brane tension.
Here we identify under which conditions the dynamics leads to the formation of
hat shaped geometries with a projecting brim. We found that the most deter-
mining parameters with respect to the shape and dynamics of a vesicle are
the drag coefficient along the adhesion front and the line tension along the
pore. Using numerical simulations we could reproduce a variety of experi-
mental observations and conclude that a long lasting hat shaped geometry oc-
curs in a limited range of parameters.
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Biomembranes play an important role in living organisms and its function
can strongly depends on its structures. Experimental methods in determining
lipid bilayer structure typically involve x-ray/neutron scattering and deute-
rium NMR to obtain chain order parameters. As with any compressible fluid,
structural properties are influenced by temperature. Kucerka et al. (BBA.
1808: 2761) provide x-ray and neutron scattering form factors of a few com-
mon phosphatidylcholine (PC) lipids (such as 1,2-dilauroyl-sn-glycero-3-phosphatidylcholine(DLPC), 1,2-dimyristoyl-sn-glycero-3-phosphatidylcho-
line (DMPC), 1,2-dipalmitoyl-sn-glycero-3-phosphatidylcholine (DPPC),
1-palmitoyl-2-oleoyl-snglycero-3-phosphatidylcholine (POPC), 1-stearoyl-
2-oleoyl-sn-glycero-3-phosphatidylcholine (SOPC), 1,2-diphytanoyl-sn-
glycero-3-phosphatidylcholine (DPhPC) at varied temperatures, from which
they estimate the surface area per lipid and thicknesses with their SDP model
(BJ. 95: 2356). Molecular dynamics (MD) simulations are used to investigate
the temperature dependence of bilayer structural parameters. Our MD simu-
lation results confirm Kucerka et al.’s results that as the temperature in-
creases, the surface area per lipid increases while the overall bilayer
thickness and hydrophobic thicknesses decreases. Moreover, the order pa-
rameters (SCD) calculated from our simulations matches the experimentally
measured SCD by Douliez et al. (BJ. 68: 1727). Overall, our simulation re-
sults validate the CHARMM36 lipid force field and agree favorable with the
x-ray and neutron scattering data.
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Cholesterol (Chol) plays an essential function in the regulation of the physical
properties of the cell membrane by controlling the lipid organization and phase
behavior and, thus, managing the membrane fluidity. However, at sufficiently
high concentrations of Chol, the so-called liquid-ordered state is formed over
a wide range of temperatures and it is characterized by high conformational or-
der and high translational mobility. We performed a set of all-atom molecular
dynamics simulations of lipid bilayers of POPC with different Chol/POPC
molar ratios ranging from 0 to 50% and three different temperatures. We
analyzed the behavior of the deuterium order parameter profiles of the POPC
as well as its lateral diffusion. Our results show that the lipid tails become
more ordered with the increase of the Chol concentration, as found in experi-
mental results. Moreover, the predicted values of lateral diffusion are in the
range of the fluid phase (D z 10^8 - 10^7 cm^2/s) in agreement with
experimental ones. The observed dependences with cholesterol content and
temperature are not monotonically, reflecting the phase diagram for this
mixture and suggest domain formation between 15 to 40 mol %m especially
for the highest temperature. It is important that the simulation is able to predict
these subtle changes and opens the possibility of using them as tools for under-
standing the molecular effects of sterols.
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A complete understanding of how biological membranes function can be ob-
tained only by considering how their various components influence membrane
properties and their interactions with biomolecules. In membrane charge
transport processes, such as ion permeation, or the movements of
membrane-active peptides, a better understanding of lipid-dependent mem-
brane electrostatics is needed. We have varied lipid components that influence
membrane chemistry, structure, hydration and packing in ways that will alter
the membrane’s electrostatic (dipole) potential. We have compared simula-
tions with different electrolyte composition to study the electrostatic influ-
ences of ions. We have simulated zwitterionic and 1:1 mixtures with
charged lipids, to analyse how the head group controls the dipole potential.
We varied the glycerol backbone of the lipids, studying ether lipids that
have no carbonyl groups, leading to changes in dipole potential by up to
250 mV. We discuss an effect of interfacial water on the dipole potential
and explain the origin of the change. We have simulated a 1:1 mixture of
mono- and di-myristoylphosphatidylcholine to isolate the contribution from
the single carbonyl group. Lipid chain length effects have been studied using
saturated and unsaturated bilayers of different thickness, spanning approxi-
mately 7 A˚. Simulations of monounsaturated and polyunsaturated bilayers
were compared to evaluate the roles of double bond position and extent of un-
saturation. Differences in dipole potential for all systems are in a good agree-
ment with experiment. Important contributions from the different lipid
components along with methods to extract membrane electrostatic properties
will be discussed.
